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AN APPRAISAL OF THE ZENITH-G.E. STEREOPHONIC SYSTEM 



SUMMARY 

This report appraises the performance of the Zenith-G.E, system of stereo- 
phonic broadcasting from the results of laboratory tests and of field trials with the 
Wrotham Third Programme transmitter. It also assesses the grade of service which 
would be obtained by listeners within the existing service areas of five of the high- 
power v.h.f. sound transmitters, if this system were adopted. Provided that those 
listeners in unfavourable receiving locations use improved aerials, some 96% of the 
population in the areas considered would be able to receive a satisfactory stereophonic 
service. The number receiving an unsatisfactory stereophonic service would be re- 
duced if the standard of suppression of motor-car ignition interference were improved. 

For this estimate, the effect of possible interference from stations with 
frequency spacings in the range 15 to 150 kc/s was ignored, in view of the limited use 
of such spacings at the present time. Transmissions with these frequency spacings, 
however, are considerably more sensitive to mutual interference for stereophonic, as 
compared with monophonic, reception; frequency allocations, particularly for future 
stations, are therefore being reviewed in this light. Monophonic reception with 
existing types of v.h.f. receivers would not be significantly affected by the adoption 
of the system. 

1 . INTRODUCTION 

The Zenith-G.E, stereophonic system was adopted in 1961 by the F.C.C. for 
v.h.f. broadcasting in the United States. 1 A general review of the systems that have 
been considered in Europe was given in an earlier report. At a meeting of the 
appropriate E.B.U. working party in Milan in March 1962 many European broadcasting 
authorities were in favour of adopting the Zenith-G.E, system, subject to the satis- 
factory outcome of field trials. A subsequent meeting, held in Hamburg in December 
1962, prepared a summary of more recent tests for submission to the C.C.I.R. This 
indicated satisfactory results except that interference between stations with 50 kc/s 
or 100 kc/s separation would be significantly greater in stereophonic reception, and 
that the distortion arising from multipath propagation would, in some cases, be more 
severe. Nevertheless, the E.B.U. recommendation to the Xth Plenary Assembly of the 
C.C.I.R. (Geneva, 1963) favoured the early standardization of a system and considered 
the Zenith-G.E. system to be the most suitable. 



Most delegations at the interim meeting of C.C.I.R. Study Group X at Bad 
Kreuznach in June 1962 had also favoured this system, though some delegations had 
preferred to reserve judgement, including those countries employing ± 50 kc/s peak 
deviation for f.m. transmitters and those interested in the alternative use of a 
multiplex system for two-programme or two- language transmissions. The situation at 
the Plenary Assembly (Geneva, 1963) remained much the same, and no definite recom- 
mendation to adopt the system was made. 

In the Zenith-G.E. system the multiplex waveform may be specified as fol- 
lows. Assuming the two audio signals A and B to be restricted within the limits 
+ 1, the waveform comprises three components: 

(i) (A+B), of such amplitude as to deviate the carrier by ± 67*5 kc/s when 

A = B = + 1. 

(ii) A double- sideband suppressed carrier signal carrying the (A-B) information 

in the form of a.m. sidebands of a suppressed 38 kc/s subcarrier, and 
deviating the main carrier by + 67*5 kc/s when A = -B = ± 1. 

(iii) An unmodulated pilot subcarrier at a frequency of 19 kc/s of such ampli- 

tude as to deviate the main carrier by between + 6'0 kc/s and ±7*5 kc/s. 

The normal v.h.f. receiver detects only the (A+B) component, and it has 
been generally accepted that this signal gives entirely satisfactory monophonic 
reproduction. Given also that the monophonic service area is not unduly reduced 
when stereophonic transmissions are taking place, we may say that the system is 
'compatible'; as we shall see later, no significant reduction of the service area 
occurs. 

The multiplexing of two signals for radiation by a single transmitter 
inevitably involves some degradation of the signal-to-noise ratio on both the com- 
patible-monophonic and stereophonic services, compared with either normal monophony 
or with stereophony using two separate transmitters. To decide whether a particular 
system is acceptable for broadcasting we must satisfy ourselves that the degradations 
are acceptable, and that the receiver is not unduly complicated or expensive. In 
this report an attempt is made to answer these questions in respect of the Zenith-G.E. 
system, and to indicate the expected repercussions of adopting this system in the 
United Kingdom. The conclusions are based on laboratory tests 2 and also on field 
trials, which are described in the Appendix. Although these were not very extensive 
at the time of writing this report, the results obtained were consistent with the 
predictions based on laboratory tests. 



2. THE RECEIVER 

It is the opinion of the authors that the Zenith-G.E. system requires less 
complicated, and hence less expensive, receiving equipment than the other systems 
so far proposed which give comparable performance. This opinion was also expressed 
by the F.C.C. in their report on stereophonic systems investigated by them. 



British manufacturers appear to favour, initially at least, the production 
of stereophonic radiograms with the provision of an optional adapter for stereophonic 
broadcast reception. Estimates of the cost of such adapters are difficult to obtain, 
but a figure of about £2 to £4 appears reasonable for the simpler types, assuming that 
purchase tax is not chargeable, Differences in cost between stereophonic and mono- 
phonic table-model receivers will be considerably greater in view of the need to 
provide an extra audio-frequency amplifier, loudspeaker and cabinet. 

In the field trials, two types of American domestic stereophonic receivers, 
in addition to those designed and built in the BBC Research Department, were used and 
no serious difficulty was experienced with them. 



3. THE COMPATIBLE -MONOPHONIC AND STEREOPHONIC SERVICES 

In assessing the performance of the compatible-monophonic and stereophonic 
services, four forms of degradation must be taken into account: 

(i) receiver hiss 

(ii) impulsive noise (chiefly car ignition interference) 

(iii) interference from other transmissions on the same or different channels 

(iv) multipath-propagation distortion 

The degradation will be expressed by comparison with the normal monophonic 
service. To do this, one factor that we must take into account is the carrier 
frequency-deviation available for programme information. First, this is reduced by 

1 dB to allow for the pilot signal. Second, in the case of a centrally located 
source of sound the A and B signals are identical and (A-B) is zero; all the avai- 
lable deviation may then be taken up by the (A+B) signal, and the reduction in signal 
level is only 1 dB relative to a monophonic transmission. In general, however, with 
a spread source of sound, the A and B signals are not identical. Keeping the same 
average level of signal in the A and B channels, the deviation due to the (A+B) 
signal will be reduced, and part of the deviation will be used in transmitting the 
(A-B) signal. Tests on various programmes 3 have shown that this further reduction 
of deviation by the (A+3) signal averages 3 dB, so that the total reduction in devia- 
tion relative to monophonic transmissions is about 4 dB. 

There is, however, the possibility of recovering at least part of this 
degradation. Hitherto it has been assumed that there would be no increase in the 
average deviation of the transmitter. Recent tests carried out with the Wrotham 
transmitter indicated that it is in fact permissible, without perceptible degradation 
of quality, to increase the average modulation depth of the existing monophonic 
service by 2 dB. This would be permissible also in stereophonic transmission since, 
as in the case of standard monophonic transmissions, programme limiters would be used 
to ensure that the peak deviation of + 75 kc/s is not exceeded. This reserve of 

2 dB could be exploited if and when a stereophonic service is started, and in what 
follows it will be assumed that this is done. 



3.1. Degradation of Compatible-Monophonic Service 

It has been found that the presence of the pilot signal and sidebands of 
the subcarrier does not degrade the performance of existing monophonic receivers, and 
we may summarize the degradations from other causes, including those discussed above, 
as follows: 

Receiver hiss degradation: 2 dB 

Impulsive interference degradation: 2 dB 

Interference from other transmissions: As for normal monophony* 

Multipath interference: Not worse than for normal 

monophony 

Because these degradations are small, we conclude that the compatible- 
monophonic service is acceptable for broadcasting in the United Kingdom. It will 
give a service substantially equal to that of the present monophonic service, without 
the need for improvement to existing receivers or aerials, 

3.2. Degradation of the Stereophonic Service 

In the case of stereophonic reception there is a further reduction of 
signal-to-noise ratio. This arises from the fact that some ultrasonic components of 
noise or interference in the output of the receiver discriminator, which in monophonic 
reception are inaudible, are detected in the subcarrier channel of the stereophonic 
receiver and produce additional audio- frequency noise at the output. 

3.2.1. Receiver Hiss Degradation 

Where the hiss noise level at the receiver output is determined, for both 
monophonic and stereophonic reception, by random noise arising in or before the radio- 
frequency stages there will be a degradation of from 15 to 20 dB. The exact amount 
will depend on the degree to which the receiver realizes the full theoretical f.m./a.m. 
improvement in signal-to-noise ratio on monophonic transmission, the better-grade 
receiver showing the greater degradation. 

This deterioration may seem severe, but it should be remembered that there 
is a great deal in hand on receiver hiss on the v.h.f, service. For instance, despite 
the above mentioned degradation, a single half-wave dipole in an ambient field of 
2 mV/m will give an unweighted stereophonic signal-to-noise ratio in a 15 kc/s band- 

*In laboratory tests covering all the carrier- frequency spacings occurring in present and future 
plans there was only one spacing, namely 75 kc/s, for which the results indicated that some 
monophonic receivers require additional protection when both the wanted and interfering trans- 
missions are stereophonic. In general the increase is negligibly small, 1 or 2 dB, but one 
receiver examined in the laboratory tests required an additional protection of 7 dB. This is 
not regarded as a material limitation, since channel separations of 75 kc/s are likely to be 
very rare. 



width of 67 dB* relative to 40% modulation; this noise level would be imperceptible. 
Correspondingly, in a field of 500 /xV/m a single dipole will give a stereophonic 
signal-to-noise ratio of 55 dB, which would be graded between 'just-perceptible' and 
'perceptible'.** In estimating the grade of service, as far as hiss noise alone is 
concerned, we will take these signal-to-noise ratios as representing the lower limits 
of first-and second-class stereophonic services respectively. 

3.2.2. Impulsive Interference Degradation 

The BBC standards of service, defined in 1957 as first-class for a field 
strength of 1 mV/m or more and second class for 250 /xV/m to 1 mV/m (at 30 ft (9 m) 
above ground level), were determined largely by assessing car ignition interference 
to listeners near a busy road, 5 Recent listening tests concentrating on individual 
cars have given an indication of some improvement in ignition interference suppression 
in the last five years. With the increase in traffic, however, the total inter- 
ference has probably remained much the same, since an appraisal of field recordings 
has tended to confirm the original standards for the grades of service in monophony. 
As an indication of these standards, if a dipole aerial is used 35 ft (10 m) from 
the road for monophonic reception, the interference from about 3% of passing cars 
will be graded worse than 'perceptible' in a 1 mV/m field, and from about 15% in a 
250 /xV/m field.*** 

In regard to the stereophonic service, the figure for the degradation in 
impulsive interference is necessarily approximate since it is dependent on receiver 
design and on the impulse amplitude, but a figure in the range 8 to 15 dB has been 
found typical both in laboratory experiments and in field tests. The degradation 
corresponds to about 1 to 1)4 grades in the subjective scale previously mentioned. 
This means that, for the ignition-interference conditions prevailing in the United 
Kingdom, impulsive interference will be the most serious limitation on the grade of 
stereophonic service for those listeners living near busy roads if* the field strength 
is less than 5 mV/m; for higher field strengths all forms of interference are neg- 
ligible. 

In the light of the foregoing remarks the following basis has been used for 
the purpose of estimating the effect of ignition interference upon the population who 
would obtain a stereophonic service: 

(a) The original estimates (made at the inception of the v.h.f. service and 
primarily determined by considerations of ignition interference) of the 
field strength necessary to produce a first- and second-class service 
with a monophonic system (i.e. 1 mV/m and 250 /zV/m respectively at 30 ft 
(9 m) above the ground) are still valid. 

Here we assume a receiver noise factor of 8 dB and an effective aerial temperature of 1200 
- 1500 ft due to galactic noise. 4 

In the subjective scale 'just-perceptible', 'perceptible', 'slightly-disturbing' and 'dis- 
turbing' . 

In the U.K. all vehicles manufactured or imported since July 1953 must conform to an inter- 
ference limit, which is specified only for Band I. The usual suppression device is a single 
resistive brush in the distributor, but this is believed by the authors to be relatively 
ineffective in Band II. 



(b) The change from monophonic to stereophonic transmission and reception 
results in an increase of impulsive interference, or in field strength 
required to restore the original grade of service, of 12 dB. 

(c) Ignition interference decreases approximately inversely with distance 
from the road; this relationship has been deduced from recent tests. 

(d) The effect of ignition interference in stereophonic reception can be 
entirely neglected at locations where the field strength exceeds 5 mV/m. 
It can also be neglected at lower field strengths, provided the distance 
from the road exceeds 200 ft (60 m); the latter assumption may appear 
questionable at field strengths of less than 1 mV/m but is justified 
since, because of the effect of hiss noise, a first-class service is not 
assumed in these cases. 

(e) Accepting (d), some assumption must be made about the percentage of 
dwellings within 200 ft (60 m) of a busy road. In the percentage popu- 
lation calculations in Section 4, two different bases are compared; in 
the first one dwelling in twelve, and in the second one dwelling in four, 
is assumed to fall in this category. 

3.2.3. Interference from Other transmissions 

The question of interference from other stations may be discussed with 
reference to the protection ratio, i.e. the amount in decibels by which the field 
strength of the wanted transmission must exceed that of the unwanted transmission, to 
ensure a satisfactory service. Table 1 gives, for the frequency spacings of greatest 
importance, the protection ratios on which planning of the monophonic service is 
based* It also gives the increase in input signal ratio required by typical stereo- 
phonic receivers, as compared with monophonic receivers, for satisfactory reception; 
the figures assume that the interfering transmission is stereophonic. 

Table 1 
Protection Ratios for Co- and Adjacent -Channel Interference 



FREQUENCY SEPARATION (kc/s) 





100 


200 


Stockholm Conference (1961) planning 


36* 


12 


6 


protection ratio (dB) 


(28) 






Measured increase in protection required 








by stereophonic receivers (dB) 


6 


20** 


3 


Stereophonic protection ratio required to 


42* 


32** 


9 


preserve existing margin of safety (dB) 


(34) 






Recommended stereophonic planning pro- 








tection ratio, assuming a directional 


36* 


27** 


6 


receiving aerial (dB) 


(28) 







*These figures apply for a steady interfering signal; the figures in brackets apply 
for an interfering signal arriving by tropospheric propagation and give the ratio of 
field strengths to be exceeded for 99% of the time. 

**lhe figures so marked are reduced by about 5 dB if the interfering transmission is 
monophonic. 



For carrier spacings of 200 kc/s the additional protection required by 
stereophonic receivers is only about 3 dB, and for co-channel interference about 6 dB. 
Since planning in the United Kingdom has hitherto been based on the assumption of non- 
directional receiving aerials, this degradation could nearly always be recovered by the 
use of an improved aerial (see Section 4). Such an aerial is in any case desirable 
on the grounds of hiss noise in areas of low field strength, and any significant 
interference would generally be confined to such areas. Accordingly, the recommended 
protection ratios in Table 1 for stereophonic reception at and 200 kc/s spacings 
are the same as the existing values for monophony. 

For carrier spacings in the range 15 to 150 kc/s the additional protection 
required by receivers is significantly greater than in the cases just considered. 
For the important spacing of 100 kc/s the precise amount of additional protection 
depends on receiver design, and a typical figure is 20 dB, If we assume the use of 
a directional aerial in difficult cases giving, say, 5 dB additional discrimination, 
a protection ratio for a stereophonic service 15 dB above that for the existing mono- 
phonic service is recommended, as shown in Table 1. There is evidence that stereo- 
phonic receivers can be improved somewhat in interference rejection for 100 kc/s 
spacing, but at a slight increase in cost. It would be unwise, however, to consider 
a reduction of the protection ratio on that account, at least until more is known 
about the design of production models of stereophonic receivers for the British 
market . 

For spacings of 25 and 50 kc/s a similar problem exists, and a protection 
ratio of about 20 dB above the existing figure is indicated for planning purposes. 
The absolute protection ratio required, some 42 dB, is higher than for co-channel 
stations. 

We conclude that interference from other transmissions, while not giving 
cause for rejection of the Zenith-G.E. system, does require careful consideration in 
cases where stations are offset in frequency by less than the standard channel spacing 
of 200 kc/s used for most of the stations already operating in the United Kingdom. 
We may reiterate here that, as far as monophonic reception is concerned, there are no 
interference problems which would affect the service - existing or planned; that is 
to say, the service would be virtually identical with that based on monophonic trans- 
mitters. The requirements for stereophonic reception, however, suggest that: 

(i) wherever possible, frequency spacings less than 100 kc/s should be avoided 
because, while they may give some advantage over co-channel working for 
monophonic reception, they are at a serious disadvantage for stereophonic 
reception; 

(ii) For frequency spacings of 100 kc/s, the stereophonic service areas of the 
stations involved would be somewhat reduced as compared with that attain- 
able for monophonic reception, unless the increased protection ratio 
recommended in Table 1 can be provided. 

While only a few frequency groupings involving such spacings were in opera- 
tion in the United Kingdom in January 1963, many are proposed in the later stages of 
the plan for extending the monophonic service. For the most part, these would involve 
relatively low power stations offset 100 kc/s from one of the principal stations. 



In such cases the increased protection ratio required would tend to restrict the 
stereophonic range of the lower power stations but would give little or no reduction 
in the stereophonic range of the principal station. The precise implications, and 
the practicability of changing frequency allocations in difficult cases, are still 
being examined for both existing and planned stations. It may be said, however, 
from a preliminary estimate which assumed that no change at all in frequencies would 
be permitted, that the percentage of people receiving a satisfactory monophonic 
service who would be unable to receive stereophony through interference from close- 
spaced transmissions would not at any stage exceed about 6%, and would be reduced 
to about 4% on completion of all of the relay stations as planned at the time of the 
1961 Stockholm Conference, These figures include some who might in any case be 
regarded as outside the stereophonic service area for the other reasons discussed 
in Section 3,2. 

3,2.4, Multipath Propagation Effects 

The field trials have not revealed any special difficulty associated with 
the pilot signal and regeneration of the subcarrier under conditions of multipath 
propagation, 

The principal effect of multipath propagation remains, as in the monophonic 
case, distortion of the reproduced signal. However, stereophony is not significantly 
more sensitive to this effect than monophony, except when the predominant delayed 
signal corresponds to an extra path length of some two or three miles. Field tests 
in the service area of the Wrotham transmitter indicate that the amplitudes of 
reflected signals normally encountered with this order of path difference are usually 
below those which cause distortion. Similar tests would have to be made in more 
hilly terrain to find if this is generally true but, where increased multipath 
distortion does become a problem, an improved directional aerial is expected to be 
able to offset the effect of changing from monophony to stereophony, since the delayed 
signal must arrive from a different direction from that of the wanted signal. 

4. OVERALL APPRAISAL 

Having summarized the various forms of degradation that will result from 
adopting the Zenith-G.E, system, it is important to get matters into perspective 
by assessing what percentage of the population will receive a satisfactory service. 

4.1. Basic Assumptions 

Since the stereophonic service suffers a degradation compared with monophony, 
some listeners would be required to provide an improved aerial if they wish to receive 
the new service, The majority at present use simple 'built-in' or indoor aerials 
below 30 ft (9 m). A dipole aerial at 30 ft (9 m) or, better still, a directional 
aerial (for example, a three-element Yagi) would afford an improvement in such cases 
if noise or interference is noticeable, although it cannot be regarded as the panacea 
for all the ills of a multiplex stereophonic service. Population cover has therefore 
been assessed for both a dipole at a height of 30 ft (9 m) ('basic aerial') and an 
'improved aerial', such as a three-element Yagi. The use of the 'basic aerial' has 
also been assumed in order to assess the existing service, on the grounds that it is 
expected that an aerial of this standard would be fitted where reception does not 
otherwise satisfy the listener. In like manner, the stereophonic listener would be 
expected to use an 'improved aerial' if necessary. 



For stereophony the minimum field strengths (at 30 ft (9 m) above ground 
level) required for the various grades of service will be assumed to be as follows: 

First-class service (close to busy road), 5 mV/m. 

First-class service (remote from busy road), 2 mV/m with the basic aerial, 
or 1 mV/m with the improved aerial. 



(i) 


(ii) 


iii) 


(iv) 



Second-class service (close to busy road), 1 mV/m. 

Second-class service (remote from busy road), 500 yuV/m with the basic 
aerial, or 250 /JSf/m with the improved aerial. 

For monophony, the corresponding standards assumed are: 

(i) First-class service (close to busy road), 1 mV/m. 

(ii) First-class service (remote from busy road), 500 fJSl/m. 

(iii) Second-class service (all locations), 250 /xV/m. 

4.2, Results in Terms of Population Served 

Table 2 shows the estimated percentage of population within the 250 /xV/m 
contour of five of the high-power v.h.f. sound transmitters that would obtain first- 
class, second-class or unsatisfactory stereophonic reception using the Zenith-G. E. 
system. For comparison, the corresponding figures for monophonic reception of the 
existing service are also given.* The figures for reception of compatible-monophony 
are virtually the same as for monophony. 

The primary limitations of service in the stereophonic case are ignition 
interference and hiss noise. As far as ignition interference is concerned, two cases 
are considered in Table 2. The figures for the individual transmitters are calculated 
on the assumption that one dwelling in twelve is situated within 200 ft (60 m) of a 
busy road. The 'total' figures, which were obtained by adding the populations lying 
within the various field strength contours of the individual transmitters, are 
calculated on both a one-in-twelve and a one-in-four basis. In preparing the totals, 
no allowance has been made for the fact that some of the service areas overlap. 
As a consequence, the analysis of population under grades of service tends to be 
pessimistic, since a proportion of those listeners taken as receiving less than 
1 mV/m are in fact within a higher field strength contour of an adjacent transmitter. 
There is also a slight inflation of the figure of total population covered, as some 
listeners are included in the service areas of two transmitters. In Table 2 inter- 
ference from other transmissions has been ignored on the grounds that, under conditions 
in which it is likely to occur, some allowance in assessing the grade of service 
has already been made for hiss noise and, where applicable, the use of an improved 
aerial could be assumed.** This procedure is valid as long as frequency spacings 

*Allowance has been made for local field strength variations, so that some locations within the 
250 /iV/m contour are here regarded as unsatisfactory, even for monophony. This detail of the 
processing method does not affect the comparison between monophony and stereophony significantly. 

Improved receivers with, for example, lower noise factors, increased selectivity and better 
amplitude-modulation suppression would also improve reception. The estimates of population 
cover have not, however, taken account of any such improvements. 



Table 2 

Estimates of Population Covered for Monophony and Stereophony for Five 

High-Power V.H.F. Sound Transmitters 









CLASS OF SERVICE 


RELATED TO PERCENTAGE OF 


POPULATION WITHIN 




TOTAL 






250 /JN/m CONTOUR 




AREA 


POPULATION 
WITHIN THE 

250 fXV/m 
CONTOUR 


FRACTION 

ASSUMED 

NEAR TO A 

BUSY ROAD 


Existing Monophonic 

Service 

(Basic Aerial) 


Stereophonic Service 
(Basic Aerial) 


Stereophonic Service 
(Improved Aerial) 




(THOUSANDS) 




Unsatis- 
First Second factQry 


Unsatis- 
First Second factory 


Unsatis- 
First Second facfcory 


Wroth am 


14,250-7 


1 in 12 


93-7 4-7 1-6 


78-1 15-6 6-3 


86-1 11-5 2-4 


Holme Moss 


14,457*2 


1 in 12 


86-7 9-7 3-6 


63-5 23-2 13-3 


74-8 20-0 5-2 


Kirk o'Shotts 


4,121-7 


1 in 12 


94-5 4-5 1-0 


79-3 15-2 5-5 


86-3 11-8 1-9 


Sutton Coldfield 


8,424-4 


1 in 12 


85-6 10-8 3-6 


59-0 26-6 14-4 


71-4 23-1 5-5 


Wenvoe 


3,524-9 


1 in 12 


85-3 11-6 3-1 


50-0 35-3 14-7 


66-8 27-8 5-4 


Total 


44,778-9 


1 in 12 


89-4 7-9 2-7 


67-8 21-6 10-6 


78-2 17-7 4-1 



Total 


44,778-9 


1 in 4 


87-7 9-6 2-7 


65-5 22-2 12-3 


74-0 19-0 7-0 



11 

in the range 15 to 150 kc/s are not involved (see Section 3.2.3. ). Multipath distor- 
tion has also been ignored on the grounds that the use of a directional aerial is 
sufficient to offset any increase in distortion as compared with that experienced 
in monophonic reception (see Section 3.2.4.). 

4.3. Discussion of Appraisal 

The improvement shown in Table 2 as resulting from the use of an ' improved' 
aerial is based entirely on considerations of hiss noise. No benefit has been assumed 
in respect of ignition interference although, in a significant proportion of cases, 
particularly where the transmitter and the road lie in opposite directions from the 
receiving site, the improvement may be considerable. 

As would be expected, the ' one-in-four' basis shows greater degradations 
than the ' one-in- twelve' basis, but these are not as severe as the difference in 
assumptions might suggest. In order to provide independent checks on the results, 
two other groups in the BBC Engineering Division, both familiar with listening 
conditions for the v.h.f. sound service, were asked to make separate assessments of 
the population cover of the Wrotham transmitter. They were provided only with the 
factual information given in (a), (b) and (c) in Section 3.2 2. The two other 
estimates for stereophony cover were in good agreement with that prepared by Research 
Department on the ' one-in-twelve' basis, which is therefore regarded as realistic. 
One of the three estimates for monophony cover was somewhat more pessimistic than 
shown in Table 2; this table may therefore be regarded as giving the most pessimistic 
indication of changing from monophony to stereophony. 

The relatively high population-cover estimates in Table 2 stem from two 
main factors: 

(i) The 5 mV/m contour includes a high percentage of the potential listeners 

(over 50% for the five transmitters considered). 

(ii) Only a small minority of listeners live within 200 ft (60 m) of busy roads. 

The figures in Table 2 refer only to those transmitters for which the necessary 
population statistics were readily available at the time of writing. To indicate 
the situation more exactly, it is desirable at a later stage to carry out a similar 
analysis for the percentages of the population served by all the principal f.m. 
stations in the United Kingdom, taking into account the effects of overlap of the 
service areas. It is not expected that the result will change the overall picture 
significantly. 

One aspect which the appraisal given in Table 2 does not fully reflect is 
the occasional impulsive interference that will be experienced by many listeners at 
field strengths up to 5 mV/m. In the great majority of cases this will not occur 
with sufficient frequency to affect the grading of the service received, but will 
nevertheless impair the listener's enjoyment. It is therefore important to make 
new efforts in the United Kingdom to achieve a greater degree of suppression of 
motor-car interference. The use of a suppressor at each sparking-plug and at the 
distributor, rather than just a resistive-brush suppressor on the distributor - the 
usual arrangement at present - is likely to effect a big improvement. The use of 
resistive leads might be even more effective. This is the usual practice in the 
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United States, and it is understood that ignition interference is virtually non- 
existent in that country when using the ZenithC E, system, even at the limit of the 
monophonic service area, (In the United States this limit is defined by the 1 mV/m 
field strength contour. ) In Germany, under current regulations, vehicles are passed 
without measurement for radiated interference if they use either suppressor resistors 
in, or resistive cable for, all high-tension leads, In practice, resistive cable 
is used almost universally in Germany also and, in consequence, ignition interference 
is there regarded as of negligible importance, even in the case of stereophonic 
reception where the field strength is only 250 /JSf/m. 



5 . CONCLUSIONS 

The Zenith-G. E, system appears to be the best of the multiplex systems so 
far proposed for stereophony. It can give stereophonic quality which is virtually 
indistinguishable from that obtained using two separate transmitters; compared with 
the existing monophonic service, however, the stereophonic service will be inferior 
in respect of signal-to-noise ratio at some locations. To some extent the situation 
can be alleviated by using a directional aerial. The greatest obstacle to good 
stereophonic reception will be ignition interference for those listeners living 
within about 200 ft (60 m) of busy roads. From a consideration of the five principal 
v.h.f, sound transmitters, it is estimated that, even with improved aerials, about 
1*4% of those listeners now receiving a satisfactory monophonic service may get an 
unsatisfactory stereophonic service, while the percentage receiving a second-class 
service would increase from 7*9% (monophony) to 17*7% (stereophony), 

The compatible-monophonic service will suffer a slight degradation compared 
with the existing monophonic service. Using the present modulation line-up procedure, 
the signal-to-noise degradation would be, on the average, 4 dB. A 2 dB increase in 
the average modulation depth is however permissible, and it is recommended that this 
change be introduced with the inception of a stereophonic service.* In this case 
the degradation in signal-to-noise for compatible monophony is reduced to 2 dB, 
and the consequent reduction in cover would be small (about 0'8% of the population, 
i.e. one tenth of those unable to obtain a stereophonic service with the basic aerial, 
as given in Table 2). 

It is important that the limitations of a stereophonic sound service should 
be publicized in advance of its inception, thereby avoiding a bad initial public 
reaction. The mistake of failing to indicate difficulties that may affect some 
potential stereophonic listeners must be avoided. It should also be made clear, 
assuming that the existing transmitters continue to form the basic network, that 
some listeners will need a better aerial installation for stereophonic reception. 

In view of the adverse effect of ignition interference on stereophonic 
reception, and to some extent on monophonic reception, the recommendation in Section 
4.3. regarding possible revision of the regulations for suppression of such inter- 
ference should be taken up with the P.M.G. ' s Advisory Committee on Wireless Inter- 
ference from Ignition Systems. 

It could of course be introduced immediately, if required, but it does not appear to be 
necessary. 
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The assessment given in this report has ignored the effect of the increased 
susceptibility of stereophonic reception to interference between stations spaced in 
frequency by 50 or 100 kc/s, on the grounds that such spacings are as yet little used 
within the United Kingdom. The full effect of such spacings, which figure to a 
much greater extent in plans for future v.h.f, stations, is still under review. 
However, even if no changes in allocation are possible to ease the position, the 
percentage of population liable to suffer from close-channel interference to stereo- 
phonic reception is expected to be only about 5%. This figure would include some 
listeners already classified, for other reasons, as not receiving a satisfactory 
stereophonic service. 

The measurements upon which the assessment of the stereophonic service has 
been based were made, for the most part, with laboratory-designed receiving equipment, 
though of a complexity not unrepresentative of practice in domestic receivers. It 
is, however, desirable that some tests be made with stereophonic receivers produced 
by the British radio industry for the domestic market, when prototypes become avail- 
able. 
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8. APPENDIX 



FIELD TRIALS FROM WROTHAM 



Transmissions of stereophonic programme material with the Zenith-G.E. 
system were started in August 1962 using the Third Programme transmitter at Wrotham 
on 91*3 Mc/s, Observations were made using both a mobile laboratory and a number 
of receivers installed in the homes of staff. 

8.1. Mobile Field Tests 

Experiments using the Research Department receiver installed in a vehicle 
were arranged in two series: (a) the recording of the received signal at a number 
of typical or interesting sites in regions where the field strength was in the 
250 /xV/m to 1'2 mV/m range, and (b) the subjective assessment of the severity of 
impulsive interference at distances up to 240 ft (73 m) from a busy road, by extended 
periods of direct listening. 

Subjective appraisal of the recordings, which included both monophonic and 
stereophonic reception, has aided the establishment of the absolute grades of service 
expected when near a busy road. The existing grades of service for the monophonic 
service were confirmed, as were the laboratory experiments indicating that impulsive 
interference is some 8 to 15 dB more severe for stereophonic reception. By adjustment 
of the transmitter power it was shown that the field strength required for a similar 
degree of disturbance due to impulsive interference is about 12 dB greater for 
stereophonic reception than for monophonic reception. It was also shown that, in 
the most favourable case of the transmitter being in a direction away from the road, 
a two-element aerial can give a substantial improvement over a single dipole. 

The direct listening tests showed that the level of interference from 
individual cars varies inversely as the distance of the receiving aerial from the 
road. It was concluded that ignition interference may be neglected in stereophonic 
reception at distances from a busy road exceeding 200 ft (60 m) for a field strength 
of 1 mV/m. 

8.2. Home -Listener Reports 

In the programme of home-listener tests of the system, a number of American 
domestic stereophonic receivers of two different makes were circulated to members of 
BBC staff, who were asked to complete questionnaires giving their assessments of 
the service. At the time of preparing this appraisal some thirty questionnaires have 
been returned, all from sites close to or within the 2 mV/m field strength contour. 
More results are necessary in order to prepare a more representative survey, but 
the results to date in respect of hiss and impulsive noise are generally in accordance 
with what might be expected from previous tests in the laboratory, and from the 
mobile field tests. 
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As part of the questionnaire, listeners were asked to answer the following 
question: 'How do you rate the full stereophonic reproduction compared with the 
reproduction when using the same receiver switched to 'mono'?' giving a numerical 
answer using the scale 

-2 markedly inferior 
-1 slightly inferior 

of equal merit 
+1 slightly better 
+2 markedly better 

The average of the answers received to date is +1*3. This indicates that, 
at the sites investigated, there is a positive appreciation of stereophony, as 
compared with monophony, in home listening conditions. 



ALG 
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